Objective: To develop a combinatorial panel of salivary cytokines that manifests the presence of non-small cell lung cancer (NSCLC) that will eventually improve prognosis by facilitating the early diagnosis and management of this common cancer. Methods: We performed a case-control study comparing salivary cytokine profiles of 35 adult subjects with NSCLC with those of 35 matched, healthy nonsmokers. Multiplex bead array assays were used to quantify 27 cytokines in saliva, serum, and oral mucosal transudate samples. Logistic regression analysis was used to develop an informative cytokine panel. Receiver operating characteristic (ROC) curves were generated to evaluate the discriminant ability of the panel. , C-C motif chemokine ligand 3, C-C motif chemokine ligand 4, and platelet-derived growth factor-BB) distinguished patients with NSCLC from healthy controls. Further, ROC analysis revealed that a cytokine panel comprising IL10 (odds ratio, 1.156) and CXCL10 (odds ratio, 1.000) discriminated NSCLC with a sensitivity of 60.6% and specificity of 80.8% (area under the ROC curve, 0.701). Conclusion: A combinatorial panel of select salivary cytokines indicates the presence of NSCLC.
Introduction
Lung cancer is one of the most common malignancies worldwide, with considerable associated morbidity and mortality. 1 In many countries, including Japan, lung cancer is the leading cause of cancerrelated mortality. 2 The majority (85%) of these malignancies are classified as nonsmall cell lung cancer (NSCLC). Surgery, with other adjunctive treatment, is the preferred therapeutic option for patients with early stages of NSCLC (5-year survival rate approximately 70% to 80%). 3 Yet, more than half of patients with NSCLC initially present with more advanced stages of the disease. Although newer therapeutic strategies such as molecular targeted agents have marginally improved survival rates, the prognosis of advanced-stage NSCLC is stubbornly poor, with an overall 5-year survival rate of 17%. 4 Given that early detection of NSCLC greatly increases 5-year survival rates, screening and identification of NSCLC during its earliest stages has been a major interest of the oncology community.
Among the pathways to tumor formation and progression, the inflammatory pathway has stimulated particular interest. 5 Considerable evidence indicates that inflammation may be an ancillary, or even inseparable, aspect of tumor development. [6] [7] [8] [9] [10] Chronic inflammatory states associated with infection and irritation may lead to environments that promote genomic lesions and the development of dysplasia. 11 In particular, cytokines are secreted by tumor and stromal cells in the tumor microenvironment, and these factors can function in an autocrine or paracrine manner (or both) to perpetuate the tumor and facilitate local invasion and metastasis. 12 The putative association of cytokines with tumor development and progression has led to interest in exploiting cytokines as biological indicators of the presence or progression of malignancies. Although most attention focuses on developing distinct serum cytokine profiles of malignancies, interest has increasingly pivoted to the use of saliva as a diagnostic medium. Saliva has several compelling attributes as a biofluid for investigating systemic diseases. 13 Although the oral mucosal transudate (OMT) is not regularly used in the field of oral health, its use will increase when commercial collecting devices are introduced. Saliva can be easily, repeatedly, and noninvasively obtained and stored without the use of specialized equipment. Saliva poses a much smaller risk of exposing clinicians and laboratory technicians to pathogens such as human immunodeficiency virus or hepatitis viruses. 14 Numerous salivary analytes of interest in biobehavioral research are constituents of serum that are synthesized, stored, and released from the granules within the secretory cells of the saliva glands. Others contribute to humoral immunity, such as antibodies or cytokines secreted by neutrophils, macrophages, or lymphocytes in the oral mucosa. 15 Multiple molecules isolated from saliva have been used as screening and diagnostic tools or as prognostic biomarkers of diseases, including cancer. [16] [17] [18] However, the role of cytokines in saliva as a distant manifestation of lung malignancies has been largely unexplored.
The primary aim of the present study was to evaluate the association between salivary cytokine levels and the presence of NSCLC. We hypothesized that the levels of salivary cytokines in patients with NSCLC vary with the severity of disease. Moreover, combinatorial assessment of cytokine levels may prove useful for screening for NSCLC. For this purpose, we characterized cytokine profiles of the saliva of patients with NSCLC and compared them with those of normal, healthy matched subjects. We further explored the relationships between cytokine levels in saliva, serum, and OMT in patients with NSCLC with those of their matched controls.
Materials and methods

Subjects
The Ethics Committee of Shinshu University and Shinshu University Hospital approved this study. Written informed consent was obtained from all patients. Between March 2016 and July 2017, 35 adult patients (13 men and 22 women, aged 42 to 80 years; mean, 67.5 years, median 69.0 years) with Stages I-IV NSCLC were recruited from the Shinshu Cancer Center and the Department of Thoracic Surgery of Shinshu University Hospital. Diagnosis and staging of NSCLC was confirmed by cytology and histopathology according to the WHO criteria. Stages I, II, III, and IV tumors were defined according to the Union for International Cancer Control's TNM staging criteria for lung cancer (Ver. 7). Twenty-one (60%) patients were stage I (IA and IB), two (6%) were stage IIA, two (6%) were stage IIIB, and 10 (28%) were stage IV.
Biological samples of patients with NSCLC were obtained before pretreatment such as chemotherapy or surgery. We recruited 35 normal, healthy nonsmokers who were not taking medication (17 men and 18 women, aged 42 to 69 years; mean, 53.6 years; median, 52.0 years) to serve as controls. An independent investigator, unaware of the subjects' laboratory data, selected controls from a pool of hospital staff and patients who were matched for age, sex, and smoking habits to the NSCLC patients.
Sample collection
Immunological data were acquired using saliva, blood, and OMT. To assess diurnal variations, saliva samples were collected from patients three-times daily as follows: morning (6:00-9:00), noon (11:00-13:00), and evening (15:00-16:00). Saliva, blood, and OMT samples were collected from all subjects once daily at noon. Biological samples were collected before treatment. It is possible that chronic periodontitis influences the concentrations of inflammatory and anti-inflammatory cytokines. 19 Therefore, before procuring a biospecimen, any active periodontal disease was excluded using a test paper-strip method that detects occult blood in saliva (Perioscreen; Sunstar Inc., Osaka, Japan). Subjects did not drink or chew gum in the 30 minutes before saliva collection. Commonly used cotton-based absorbent materials can alter quantitative estimates of the salivary analytes through nonspecific binding, cross-linking, or filtering constituent biomolecules. 20, 21 The saliva samples were provided by the participants using the passive-drool method, in which participants allow saliva to pool in the mouth and then drool it into a tube (MS-50, Japan Medical Ltd., Tokyo, Japan). Approximately 150 mL of whole saliva was collected during 1 minute. Next, 4.5 mL of whole blood was collected by a nurse using a vacuum blood collection tube (anticoagulant, 3.2% sodium citrate; Terumo Co., Tokyo, Japan) from each participant. 22, 23 OMT samples were collected by the participants for 5 minutes using an OraSure collection device (OraSure Technologies, Inc., Bethlehem, PA, USA). 24, 25 The saliva, blood, and OMT samples were stored at À80
C. Clinical information and the results from testing the samples were collected and entered into a database by research staff not directly involved in diagnosis, treatment, or sample analysis. Patients' diagnostic and pathological data were masked during sample collection and biomarker detection.
Multiplex analysis of cytokines
We used a multiplex bead array assay (Cat. #M500KCAF0Y, Bi-Plex Pro Human Cytokine Grp I Panel 27-Plex; Bio-Rad Laboratories, Inc., Tokyo, Japan) that has been used to measure salivary cytokines. 26, 27 The cytokines were as follows: interleukin (IL) receptor antagonist (RN); IL1b; IL2; IL4; IL5; IL6; IL7; IL8; IL9; IL10; IL12 (p70); IL13; IL15; IL17A; C-C motif chemokine ligand 11 (CCL11); fibroblast growth factor 2 (FGF2); colony stimulating factor 3 (CSF3); colony stimulating factor 2 (CSF2); interferon gamma (IFN-c); tumor necrosis factor (TNF); C-X-C motif chemokine ligand 10 (CXCL10); C-C motif chemokine ligand 2 (CCL2); C-C motif chemokine ligand (CCL3); C-C motif chemokine ligand 4 (CCL4); platelet-derived growth factor-BB (PDGF-BB); regulated on activation, normal T cell expressed and secreted (RANTES); and vascular endothelial growth factor (VEGF). All were analyzed according to the manufacturer's instructions. The Bio-Plex Multiplex Immunoassay employed human cytokine panels, and the plates were read using a Bio-Plex Array Reader (Bio-Plex 200 System and Bio-Plex Manager Version 6.1, Bio-Rad Laboratories, Inc.).
Saliva, blood, and OMT were prepared using the same pretreatment. The biofluids were frozen at À80 C, thawed at 4 C in a refrigerator, equilibrated to room temperature (24 C), and then added to the assay plates. The samples were then centrifuged at 1,500 Âg for 15 minutes, and a micropipette was used to sample a 50-mL aliquot of each sample for subsequent analysis.
Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics, version 25 (IBM Corp., Armonk, NY, USA). Within-group comparisons of diurnal variations in cytokine levels were performed using oneway analysis of variance (ANOVA). Comparisons between two groups of cytokine samples acquired at noon were evaluated using the Mann-Whitney test. Unless otherwise stated, data are expressed as the mean AE standard deviation (SD), and P < 0.05 indicates statistical significance. Statistical analysis was not performed if the number of data points missing from one group was >18.
We used logistic regression analysis to evaluate the association between the levels of salivary cytokines and the presence of NSCLC. 28 The outcome variables for the development of NSCLC were 0 for "no" and 1 for "yes". To generate a multivariable logistic regression model, the results of the Mann-Whitney test (P < 0.05) and the backward elimination method were used. The influence of a variable on the likelihood of detecting NSCLC is expressed as the odds ratio (OR), 95% confidence interval (CI).
The performance of the model was assessed using a discrimination test combined with receiver operating characteristic (ROC) analysis. 29 ROC curves were generated to verify the discriminatory power of the salivary cytokine levels. The areas under the curves (AUCs) were calculated to provide an overall summary of the diagnostic accuracy of the comparisons of salivary cytokine levels. Diagnostic performance was classified as follows: poor, 0.50 AUC < 0.69; good, 0.70 AUC < 0.89; and excellent, 0.90 AUC < 1. Table 1 summarizes the backgrounds of the subjects and the number of samples. Of the 27 target cytokines, only 21 salivary cytokines were detected in patients with NSCLC because of insufficient sensitivity of the BioPlex system for detecting IL2, IL4, IL15, IL17A, FGF2, and CSF2. When the diurnal variations in the salivary cytokines of the NSCLC patients were evaluated using one-way ANOVA, significant differences were observed for eight salivary cytokines as follows: IL1RN, IL7, IL8, IL10, IL13, CCL11, IFN-c, and TNF (P < 0.05). With the exception of IL6, CSF3, CXCL10, and CCL3, the levels of salivary cytokines in the morning generally were the highest.
Results
Multiplex analysis of cytokines in biofluids
The correlation coefficients of biofluid levels were calculated using data from the patients with NSCLC and the controls. The correlation coefficients of the serum vs saliva levels ranged between À0.20 (PDGF-BB) and 0.55 (CCL11). For the positive values, the maximum, minimum, and mean were 0.55 (CCL11), 0.02 (IL8), and 0.18, respectively. For the negative values, the maximum, minimum, and mean were À0.01 (VEGF), À0.20 (PDGF-BB), and À0.09, respectively. The correlation coefficients of the serum vs OMT levels ranged between À0.18 (CCL2) and 0.26 (IL6). For the positive values, the maximum, minimum, and mean were 0.26 (IL6), 0.01 (VEGF), and 0.07, respectively. For the negative values, the maximum, minimum, and mean were À0.01 (IL4), À0.18 (CCL2), and À0.09, respectively. The correlation coefficients of saliva vs OMT levels ranged between À0.13 (IL5) and 0.91 (CCL3). For the positive values, the maximum, minimum, and mean were 0.91 (CCL3), 0.19 (IL1RN), and 0.46, respectively. For the negative values, the maximum, minimum, and mean were À0.01 (IL17A), À0.13 (IL5), and À0.07, respectively. Table 2 shows the results of multiplex analysis of cytokine levels in biofluids at noon and the two-group comparisons using the Mann-Whitney test (n ¼ 35). For statistical analysis, cytokine levels less than the limit of detection are presented as half the limit of detection. 30, 31 The levels of salivary cytokines of the patients with NSCLC ranged between 0.01 (IL13) and 29,519.09 (IL1RN) pg/mL. In contrast, the cytokine levels of the control subjects ranged between 0.01 (IL4, IL6, IL13, and PDGF-BB) and 9,257.21 (IL1RN) pg/mL. For the noon samples, significant differences were observed between the salivary cytokine levels of the patients with NSCLC and controls as follows: IL1RN, IL1B, IL7, IL10, CCL11, TNF, CXCL10, and PDGF-BB (P < 0.05) (Figure 1a ). Significant differences in serum cytokine levels at noon between patients with NSCLC and controls were as follows: CCL11, CXCL10, and CCL4 (P < 0.05) (Figure 1b ). IL2 and IL15 were undetectable. There were significant differences in OMT cytokine levels at noon between patients with NSCLC and the controls as follows: IL1RN, IL4, IL6, IL7, IL9, IL12 (p70), IL17A, CCL11, FGF2, IFN-c, TNF, CXCL10, and CCL4 (P < 0.05) (Figure 1c) . IL2, IL15, and CSF2 were undetectable.
To verify the possibility of screening for NSCLC using the levels of salivary cytokines, we used the data for morning, noon, and evening of patients with NSCLC (35 subjects Â 3 data points ¼ 105). Significant differences between the salivary cytokine levels of patients and those of the controls were as follows: IL1RN, IL1B, IL6, IL7, IL8, IL10, CCL11, TNF, CXCL10, CCL3, CCL4, and PDGF-BB (P < 0.05) (Figure 1d ).
Logistic regression analysis
The association between the salivary cytokine levels of 12 cytokines and the risk of NSCLC was evaluated using logistic regression analysis. The backward elimination method identified the combination of salivary cytokines IL10 and CXCL10 as the most highly associated with NSCLC (P < 0.05). In comparison, the P values and ORs for all possible combinations of analytes were calculated using a direct (simultaneous) method. Cytokines significantly associated (P < 0.05) with NSCLC were present in three combinations when two types of cytokines were used A multivariable prediction model (logistic model) for the risk of NSCLC was built using IL10 and CXCL10 as follows:
where z is an index that combines the criteria variables, and f(z) is a logistic function.
ROC analysis
To confirm the preceding findings, we performed ROC analysis. Figure 2 shows the ROC of the presence of NSCLC when IL10 and CXCL10 were used. The AUC was 0.701 (P ¼ 0.000, 95% CI 0.602-0.801), which demonstrates "good" capability for discriminating between patients with NSCLC and controls. The optimal cutoff values of sensitivity and specificity were 60.6% and 80.8%, respectively. The cutoff values of the logistic function f(z) between the true positives and false negatives ranged from 0.698 to 0.708. The cutoff values for the logistic function between the true negatives and false positives ranged from 0.702 to 0.719. Thus, the cutoff values of the logistic function ranged from 0.702 to 0.708. For comparison, the ROCs of IL10 and CXCL10 are shown in Figure 2 . The values of the AUC, sensitivity, and specificity of IL10 were 0.660, 71.7, and 62.9, respectively. The values of the AUC, sensitivity, and specificity of CXCL10 were 0.622, 42.9, and 80.0, respectively. The maximum AUC was achieved when the maximum values of IL10 and CXCL10 were combined. Abbreviations: non-small cell lung cancer (NSCLC); interleukin (IL); C-X-C motif chemokine ligand 10 (CXCL10). Figure 2 . Receiver operating characteristic analysis of interleukin 10 and C-X-C motif chemokine ligand 10 levels to determine the risk of non-small cell lung cancer
Discussion
The results of the present study support our working hypothesis that differential levels of certain salivary cytokines in patients with NSCLC and combinatorial assessment of cytokine levels are useful for screening for NSCLC. Our findings are limited by the inability to study age-matched, healthy nonsmokers and subjects with a mean age of 67.5 years to serve as our control group. Even after controlling for diurnal variation, the levels of IL1RN, IL7, IL8, IL10, IL13, CCL11, IFN-c, and TNF were significantly different. The cytokines were grouped as inflammatory (IL7, IL8, CCL11, IFN-c, and TNF) and anti-inflammatory (IL1RN, IL10, and IL13) cytokines. The levels of salivary cytokines that varied with a circadian rhythm in patients with NSCLC did not depend on their functional category or concentrations in saliva. Typically, the levels of anti-inflammatory cytokines that vary with a circadian rhythm are higher shortly after waking and lower before sleeping. 32, 33 In the present study, the levels of all salivary anti-inflammatory cytokines were higher in the morning, consistent with previous findings.
Multivariable analysis of cytokine levels in saliva, serum, and OMT revealed that saliva and OMT had incremental beneficial utility compared with serum. Salivary cytokines are being assessed for their associations with oral diseases such as periodontitis, gingivitis, cancer, and other systemic diseases. For example, Khan detected numerous cytokines and chemokines in saliva samples of normal subjects. 34 Compared with matched controls, the samples from patients with NSCLC studied here showed significant differences in cytokine levels in saliva (8 types), serum (3 types), and OMT (13 types). There were fewer significant differences in cytokine levels in serum compared with saliva or the OMT. In contrast, the cytokine levels in saliva and the OMT were highly concordant, judged by the correlation coefficients of cytokine levels in serum and saliva compared with those of serum and the OMT. Saliva is a major component of the OMT, and one can therefore surmise that the ease of collection may serve as the major determinant when choosing between the two biofluids. Generally, the passive-drool method for collecting saliva samples is quick and simple compared with techniques for collecting the OMT.
The combinatorial assessment of salivary cytokine levels shows promise for screening for the presence of NSCLC. The levels of cytokines at all sampling times differed significantly between patients with NSCLC and controls as follows: IL1RN, IL1B, IL6, IL7, IL8, IL10, TNF, CCL11, CXCL10, CCL3, CCL4, and PDGF-BB (P < 0.05) (Figure 1d ). The levels of eight of these salivary cytokines differed significantly in the morning (Figure 1a) . However, the morning levels were not representative of the differences between patients with NSCLC and healthy controls. ROC analysis supports the assertion that NSCLC can be detected by measuring the levels of salivary cytokines when using a selective model employing IL10 and CXCL10 (Figure 2 ).
Our present data provide preliminary support for utilizing differential levels of salivary IL10 and CXCL10 as indicators of existing NSCLC. Emerging research supports our strategy that employed a panel of inflammatory cytokines to detect NSCLC. For example, Daly et al. 35 measured the expression levels of candidate biomarkers of individuals at high-risk for lung cancer and identified a panel of seven analytes, mainly inflammatory cytokines such as IL6, IL10, IL1RN, and TNF. DeCotiis et al. 36 measured inflammatory cytokines in serum and concluded that cytokine biomarkers may serve as a promising tool for the detection of lung cancer.
However, these two studies 35, 36 did not identify CXCL10.
IL10 is an anti-inflammatory pleotropic cytokine that is present in the exhaled breath of patients with lung cancer. 37 IL10 is produced by normal and neoplastic cells and likely contributes to autoimmunity, transplantation tolerance, and tumorigenesis. 38 The levels of serum IL10 present in patients with NSCLC are higher compared with those of healthy control subjects. 39 An emerging body of research supports the plausibility of our findings. 35, 36 Thus, CXCL10 is a potent angiostatic cysteine-X amino acid-cysteine (CXC) chemokine 40 that regulates NSCLS-induced angiogenesis, tumor growth, and spontaneous metastasis. 41 The levels of CXCL10 detected in surgical specimens of NSCLC tumors are significantly higher compared with specimens of adjacent normal lung tissue. 42 These findings may explain why CXCL10 was identified using the Mann-Whitney test when we included patients with stages II-IV NSCLC (Figure 1d) .
Despite its small sample size, our study shows potential utility for measuring the levels of salivary biomolecules that significantly differ among patients with NSCLC and controls. NSCLC comprises the adenocarcinoma, squamous cell carcinoma (SCC), and large cell carcinoma subtypes. The mechanisms of tumorigenesis and molecular characteristics of SCC differ from those of adenocarcinoma. The relationships of histological types and the immune environment with the levels of associated cytokines seem worthy of future study. The discovery of a salivabased biomarker panel may represent a significant source of discriminatory biomarkers for detecting NSCLC. Equally important, or study shows the translational promise of the emerging field of salivary diagnostics for systemic diseases. The ease of saliva collection and continuing advances in high-throughput technologies that allow quick and incisive insights into saliva's constituents are advancing the use of oral fluids as a credible diagnostic alternate to other biofluids.
Our study shows the promise of utilizing differential levels of salivary cytokines for point-of-care testing, thus allowing NSCLC to be detected to facilitate therapeutic intervention and improve survival rates. The results of our study will likely serve as a foundation for validation studies that evaluate the temporal changes in salivary cytokine levels and investigate their associations with response to treatment, relapse, complications, and survival. It is conceivable that the levels of IL10 and CXCL10 will return to normal after surgical treatment of NSCLC.
Conclusions
This study revealed significant differences in the levels of certain salivary cytokines between patients with NSCLC and control groups. In particular, a 12-cytokine panel (IL1RN, IL1B, IL6, IL7, IL8, IL10, TNF,  CCL11 , CXCL10, CCL3, CCL4, and PDGF-BB) distinguished patients with NSCLC from healthy controls. ROC analysis revealed that a two-cytokine panel (IL10 and CXCL10) indicated the presence of NSCLC with high sensitivity and specificity. 
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